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47 THVESTIGATTION OF A HIGH-ASPECT-RATIO WING
HAVING 0,20-CHCRD PLAIX ATIERONS IN THE
LANGLEY £-FQOT HIGH-SPEED TUNNEL

By'Ar#o_A. Luoma
SUMMARY

& three-dimensional lateral=-control investigation
was made at high speeds of a wing of high aspect ratlo
having 0,20-~chord strsight-sided-profile plaln silerons
with a spén 37.5 vsrcent of the wing semispan.. Spanwlisse
loadings and moments and rolling-moment coefficients were
obtained from »nressure-disiribution measurements, and
hinge~moment dete were obtasined by an slectrical straln
gage for lach numbers un to 0.G25 at alleron deflectlons
from =10° to 10° and at verious engles of attack.

The wind-tunnel test dabta indicate no unusual rolling=
moment and aileron hinge-moment characteristics for an
airplane with this particulsar ﬂlng-alleron combination and
designed to onerate at level-flight Xach numbsers up
to 0.830. 4% higher Kach munbers, comparabls to those
obtained in dives, the rolling effectiveness was reduced
but the allerons stlll producsd soms rolling moment st zero
and vositive 1lifts up to the maximum tsst kach number of "0.925
At Msch numbers. between 0.8580 and 0,900 thers is possibility,
however, of flexibility-induced &ileron snstech for an asirplane
having an alleron control system of ‘inadequate stiffness.

I NTRODYGTION &

_ S
A genersasl research orogram condhgted In comnectlon
with the design of & high-svsed atggggie with -2 wing of
high aspect ratio has been unden en by the National
Advisory Commlttes for Acsronsa EEE. Basic wing character-
igtics including data on no eforce, span loading,
pitching moment, drsg, and wﬁge widths have been presented
in referesnce 1 for = wingzgf‘thls typé. This wing has an
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NACA 65-210 airfoll section and an aspect ratio of 9. As
en aid in the design of a horizontal tail for use with this
type of wing, tests were made to determine the downwash

and flow fluctuations behind the wing, snd the data from
these tests are presented In reference 2. The effects of

a solid-iront dlve breke, a slctted dive breke, and a Aive-
recovery flap on the basic wing charscteristics at high
iach numbers, together with an investigation of the averags
incremental downwash due to the-addition of the dive-
recovery flap, are presented in reference 3.

The tests presented herein were made to determine
the aerodynawmic charsctsristics of 0.20-chord nlain ailerons
on a wing of hilgh aspect ratio at high speeds. Lateral-
control data including hinge-moment coefficients, rolling-
monment coefficients, pltching-moment coefficients, and
span loadings were obtalned for Mach numbers from 0.100
to 0.925 and at allercn deflsections fror —lO to 10¢ for
various w1ng argles of sttacks )

. SYMBOLS

© Thie .symbols used hereln are deflned as follows:

a - = angle of attack of finlte-span wing

v o velo~ityxin unﬁisturbed stream -
"Pa static Dressuro in undisturbed stream

...p . ; local static Drnssure at a goint on alrfoll section

o nass density in undisturbed stream

a speed of sound in undibturbed stream .

a namic pressure in undisturbed stream ('QV)

‘ : P = DPg

P nresqure coefficient (-—7;~3>
'Pﬂf critidal:nressune“coeffiaient obtained when locsal

speed of sound 1s reached at some point on-
airfoil section :

M Mach number (V/a)

4o i” oy
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glleron deflection; positive for down deflection

span of aileron; model vélue, 0.590 ft

section chord of wing |

section aileron chord measured along airfoil chord
line from hinge axis qf_a;leron to tralling edge

of airfoil

root-mean-square chord of aileron; model value,

(o}
0.053L £t |cy —\b— ¢y~ 4y
g J ,
0
area of complete wing; model:yalue; 1.10 sgq ft

mean aerodvrtemic chord of wing; rmodel vsalue,

/2 N

4
0.27 £t t‘ = %j e ds)
0

aileron hinge woment

aileron hinge-moment coefficient (Ha/qba3é2>

resultant. nressure coefficient across aileron seal
(AP = (value of P below seal)
- (Value of P above seal)) -

Glstance along chord from leading edge of airfoll
section '

dlstance along semlspan from wing center line
spen of wing; ﬁodel value, %.15 ft

sectlon normal-force coefficlent of wing from
nressure-distributlion dsta

8]
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change in section normal-force coefficient of air-
foll due to aileron deflection

nC‘a
po, = = | P. -PY - (P ~pP d
r T3 Jo ( L U) UL U) 5. =0° x

section vitching-moment coefficient of airfoll
about quarter-chord polnt from pressure-
distribution data; pitching moment due to chord
forces not includsd E

. ' o ) . _
oy = ;15 f"(PU-- 'PL>< - f) dx
o

change in section vitching-moment coefflcient of
airfoll about quarter-chord point due to aileron
Zdellection '

_ c :
-1 '
ac., ) <PU PID
c
v : :
i~

| ) 1 r e\
- (P, = P x - ax
( i L})s2 —_AC !( I ]
E .' O&—OJ L )
normal-force coefficlent of semlspan wing

b/2 :
JP . Gpt dy

0

[}
I
win

=1
|

change in normsl-~force coefficient-of semispan
ring due to alleron deflection

5 b/2
AC,. = grjf ) Acn ¢ 4dy
. ket ) O
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nitching-moment coefficient of semispan wing about
guarter-chord line of wing
b/2
- 2 2

O = g;r C., G ay
O

change in »iteching-momsnt coefficient of semispan
wing sbout quarter-chord lire of wing due to
g&ileron deflection

N h/2 .

- = 2
ACG, ~ So Acm ¢~ dy
0

rolling-roment coefficient, due to aileron deflec-
tion, ebout axis collinear with chord line
in nlane of symmetry '
; b/2 _

==z Acpy ¢y 4y

darming-moment coefficient about axis collinear
wlth choréd line in plane of symwstry, computed
siwnly by the equatlon o

de :
o ) -—-I—l- a
= 22 f o7 ey

hmere dc,/da 1s the experimentallr deterwined
rzte of change of section normsl-force coeffi-
clent with angle of.attack of finlte-span wing

Subscrints:

I

-
-

upper surface

Iower surface
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APPARATUS AND TESTS

The tests were made in the Langley £-foot high-spesed
tunnel, which is a single-return clcsed-throat tunnel
with an alr-stream turbulence that s small but slightly
higher than free air. For these tests the alrspeed was
sontinuously controllable to & choklng Yach numbsr cf 0.950
{uncorrected).

The wing with plain ailercn used for the lateral-
control investigation is the samre wing that was usgsed for
e tests of reference 1. The wing as tested is shown
in figure 1. The wing has an NACA 65-210 airfoll section,
an asanect ratio of 9.2, 8 taper ratlio of 2.5:1.0, no
saveevrback, twist, or Hihedral, and & tip having the
d*mens;ons given in table I. The effective span of the
model wing is 37.5 inches; the root chord is 6 inches,
and the tip chord is 2.4 inches. Crdinates of the
YACA 65~ 21D mirfoil section are given in table II. 4
sonplete descristlion of the model and tunnel sebtun is
given in reference 1. The aileron chord 1Is 20 vercent
nf the wing chord and the alleron span is 37.5 percent
al the Wing remisran, with the inboard end of the aileron
at the 60-vercent-semispan station (fig. 2). Two hinges
located apnroximately 25 oercent of the aileron span from
elther end of the alleron surported the alleron. The
ailerons are of straight sided profile with a traillng-
edge angle of 11.1%9 (fig. 3),

Twenty static- nressure orifices were placed at esach
of silrht statlions along the wing span (fig. L). 7the
soanWLqe locations of these statlons in percent of the
semispan are 11, 20, 30, L3, 56,.6L, 80, and 95. The
four inboard stat*ons were mnlaced on the left half of
the ving, and the four outboard stations on the right
half. Pressure data at stations within thse aileron span
were chtained at stat*ops 6L, 82, and 95 percent of the
“eWiSD&n.' oo

Tormal-force, »itching-moment, asnd rolling-moment
dats were obtalned from oressure-dlstrlbution measurse-
ments; and hinge-moment data woere obtained by electrical-
straln-gage measuremsnts. The hinge moments were measured
nn the left aileron, whilich had no pressure stations within
its span. PFecause of the small size of the model and the
high loads encountered during these tests, 1t was not
feasible to incorporate & seal on the left slleron where
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the hinge-roment data were obtained. These data are there-
fore for an unsesled aileron wlth a gep approximately 0.203%
of the wing chord. The pressure data at stations within
the aileron spen were obtained on the right hslf of the
wing. The right aileron, however, was completely sealed
aend the coefficients derived from ths pressure data are
therefore for sealed-gap conditions. ﬁerod*namig data
were obtained for sngles of attack of -2°, 09, 2%, kO,

7°, and 10° &t ach nurbers Q£ 0. 00 and 0.600 and for

engles of attack of -26 07 4, end 7° at Mach numbers
of 0.760, 0.800, 0. 927, 0. 880 ©.907, ‘and 0. 925 (uncor-
rected). Tests werse.made at seven aileron deflections

from -10O to 12° for gll Mech numbers. The test Mach
numpers used herein were corrected as in reference 1. A
11l discusston of the correctlions for model constriction,
wake constriction, and 1ift vortex interference may be
found in reference 1. Wo corrections have been mwade to
the rolling-moment or hinge-moment coefficisnt. 4 dis-
cussion of correctlons to lateral-control coefficlients

is given in references l; and 5.

The aerodynewic deta show thset the marimum twisting
moment about a torsion axis passing through the LO-~percent-
chord points of the section chords occurred at a Mach
number of 0.925, an angle of attack of 7°, and an aileron
deflsction of 9.6%. gtetlc torsion tests ’of the model
gave & torsionsl stiffness of the wing at the mldspen
of the ailsron of 250 inch-pounds per degree; that ias,

a concentrated ti;isting mwoment ol 250 inﬁn—“ounds apnlied
at the wing tis wonld result in a twist of the wing of 1°
at the mldspsen ot tne ailsron. TFhen the snanwlse section-
loading and secticn-morent data et the worst twisting con-
ditions are ussd and the torsionel stiffness at a section
1s considered tc very inversely as the cube of the dis-
tancs from the nlane of symmetry, bthe calzulations *ndi-
cate a maxirum twlst of the wing at the tip of -0. 20°

No corrections have been made for the effect of twist

RESULTS
Bffects of Reynolds Number
In ‘these tests the Reynolds number varied from 900,000
at a ¥ach number of 0.,00 to 1,100,000 at a ¥ach number

of 0.900 with the Reynolds numosr based on the mean asro-
dynamic chord of the wing. Some idea of the effects of
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Reynolds number at suberitical ¥ach numbers can hte

nbtained from the two~-dimensional tests of the same alr-
foil section &t Reynolds numbers of 1,000,000 and 2,200,000
correspondling to Mach nurbers of 0.07 and 0.17, rnspectlvelf
freference 6). The effects of Reynolds number on airfoils
2t sunercritlcal Mach numbers ere of secondary importance

as compared to the effects of conpresslibility (re erence 7).

Pressures

Illustratlve chordwlse vpressure distributions at
thres spanwise stations mithin the sileron span for alleron
Aeflections of -5.7%, 0.5°, and 5.8° and for ¥Vach numbers
up to 1.925 are oresented ¢n figures 5 to 7. Spanwise

section loadings obtsined from ;ntegration of the pres-
sure data are shovn in figures 2 to 1i. for seven aileron
daflections from -10.0° to 9.6°. Vv.ing normal-force coef-
fleisnt apa nst aileron deflection and kach number ars
given in Tigures 15 and 16, respectively. The data for
even values of aileron deflection vere obtained from
eross plots, Soanwlse section moments for allzron dsflec -
tions from -10.0% to 9.6° are presented 1n figures 17
tn 23, The effect of slleron deflection on spanwise sec-~
tion moments for several Mach numbers 1ls shown in flg-
ure 2L. ng pitching~roment coefficients based on the
wing mesn aerodynemic chord are plottsd sgainst alleron
ceflectlon irn figure 25 and against Vach number in filg-
ure 26. Tncremental values of wing normal-Torce and
nitching~-moment coefficient resultinz from allsron deflec-
tion are nlotted agalinst Mach number in figure 27.

The rolling-moment coefficisnts for the sealed aileron
sre wlotted sgainst aileron deflection In ;igurb 28 and
agsainat wach nunber in figure 29 The rate of chanae of
rﬁlllnﬁ—noment coefficient wita a‘le“on deflectlon

L/Aa a for small aileron deflecticns (%2°) is plotted

ereinst Mach number in filgure 30. A demping-moment coef-
ficient CZ based on the exverimentally determined

values cof ﬁc /da for zero aileron deflection is given

in figure 21 to show the general effects of compressibility
on damoing in ronll. The calculated rate of roll per unit
aileron deflectlion for & rigld wing with sealed aileron

in pure roll 1is vlotted agsinst ilackh number 1n figure 32.
The rate of roll per unit aileron deflection was obtained
from the equatlion
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. Finge Y¥cments

An electrical straln gage was used to determine the

inge moments. The small size of the model necessitated
the use of a small straln gage snd this smpllness of ths
zage, coupled with the severe operating conditions pro-
duced by high sveeds, high tewperatures, and large aileron
loads iwpalred the saccurscy of the hinge-moment measure-
ments. £&n indication of the sccuracy of the daeta can be
nbtalined from the scatter of. the test roints of figure 33.
The basic effects of compressibility, however, are well
illustrated by the deta. Figurss 34 and 35, which were
obtained from the dsta of figure %32, show the variation

of the hinge-momsnt eoefflcients of the unsesaled alleron
with ¥ech numbsr and arngle of attzck, respectively. In
figure 36 is given the varistion of the parsmeters

(éCh /A5a> end (hch /ﬁé) "with Ifach nuwuber.
2 "/y=0 IR Y s P .
These slones are the average values for alleron deflsc-
tiona from -~1° to 1”7 ard  angles of attack from -17 to 1°.
Data on the avsrage resultasnt pressure cosfficlent across
the aileron s=seal sre shown.for various saillercn deflections
and Maclh numbers Iin figure 37:. - a

a ___OO-

DISCUSSION

Pressure-Distribution Diagrams

In reference 1, large variatlons were observed in
normal-force coefilcients gt ilaeh numbers grester than
0.760 snd in pltehing-moment cosfficients at Mach numbers
greater than 0.825. These lesrge changes in the aero-
dynamic characteristics are associated with the unsym-
metrical effects of shock snd shock movement on the
uppey and lower surfaces of the airfoil. At ¥Mach. numbers
in the epproximate range from 0.825 to 0.900, the rear-
ward movement of shock on the lower aurfece of the sair-
'oll predominated in affecting the aserodynamic character-
istics &nd result=d 1n & reduction of normal-force ,
coefficients, an incresasse in piltching-moment coefficients
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in & positive direction (except at large angles of attack),
and generally, as the present tests showed, a positive
increase in hinge-moment coefficlents (except for the
largs angles of attack at poslitive: alleron deflections).
At Mach numbers grester than C.G00 a grester increesse in
the negative direction of the pressures on the rear half
of the unner surfacs as compared with those on the lower
surface reversed the direction of the chsnges Jjust noted
at ‘ach numbers less then 0.300. These pressure nhenomensa
are illustrated by the chordwise pressure distrlbutions

nf figures 5 to 7, which are for sparwise gtations within
the aileron span.

Morwal-~-Force Zlraracteristics

The ~ata showing the effects of compressibility on
gnanwise loacing for various aileron deflections (figs. O
to 1) are guite similar to the dets for zero deflection
(referencs 1) which, st the higher speeds, show irregular
load distrisutions, an ocutboard movement of the lateral
senter of load for positive 1lifts, and rspid chanzes in
the anzle of zero 11ft. At ‘the highest Mach numbers,
positlve alleron deflectlons are more effectlve 1n pro-
ducing 1ift than negative_deflebtions (fiz. 15). vhen
the flow over an airfoll i1s larzely supersonic, a contrcl
surface becomes relatively ineffective in controlling the
supersonic flow ahesd of it {(reference €). This loss in
sontrol effectiveness at such smeeds is 1llustrated by
the data of filgure 16. At nositive angles of attack, a
nositive deflection of the control changes the lower-
surface pressures to values of negative preasure coefflli-
2ient that are low enough to escape the full effects of
compression shock on the lower surface for sveed condi-
tlons corresponding to those of these tests {figs.
and {; so that the control surface still retains some
control on the flow over the lower surface. As is to be
exvected, an increase in anglse of atteck Incresasses the
abllity of the control at positive deflections to modify
the flow over the lower surface. The schlieren photo-
grephs of reference 8 for a lS-nercent-thick wling
section show separated flow associmted with comores-
sion shoeck off both surfaces shsad of the control surface
at sunercritical’ Mach numbeérs end explain the lack of
eifectiveness of the control as a result of this separa-
tion. -The reduced effectiivensss #t supercritical kach
numners for negative aileron ceflections noted for the
10-psrcent-thick wing used in the present tests is
vrobably the result of similar sepsaration off the upper
surface, which 18 more dlsposed toward separatlion than
the lower surface bscause of the 0.2 camber of the section
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and the Jositive angles of attack at_which the sections
cperate. At an angls of attack of 7° and at Mach numbers
of 0,907 and 0.225, hovever, it is to be noted that for
aileron deflections up to =3° the aileron shows some con-
trol of the flow. The datse for an angle of atbtack of L°
at a tach number of 0,907 also shows some control of the
flow for deflsctlons up to -5° A study of the chordwlse
prosgurd distributlions for these negatlve deflections and
angles of attack reveals thet the alleron has a noticeable
effect on the lower-surface flow and slso to some extent
on the upper-surfaés flow. This discussion is salso
geneirally applicable in the analyslis of changes in wing
pitching-moment coefficients and rolling-moment coeffle
cients &t these high Msch numbsrs., Alleron deflection
had relatively little effuct on the Mecch numbsr at which
the fores break occurrsd (fig. 1€), ~ Noticeable increasss
in normal<force cosfficilent at Kech numbers grsater than
0.900 were obtained for all alleron deflectlons as well
es for zeroc dsflection {fig. 1h).

' Pitching-Moment Cheracteristics

. Large, somewhat 1rregular variatlions oecur=ig Ehe
spanvise vslues of. the section moment factor omb<e /Sa
at high Mach numbers for all aileron defiegtlions

(figs. 17 tu. 23). Incremsnts of eyxhdsl/82 due to
alileron dellection show similar wvariations (fig. 24). A%
the highsr Mach nambers, the positive allsron daflections
generally havs. a greater effsct on wing »ilchning=-moment
coefficiasiit than tho renative deflsctions {rfig., 25), &s
was the cass For the ef'fzsct of ellsron defliection on wing
normel-force cuefficient, QGeneral compressibllity effects
a8 regands unsyrmeitrical sffects: of shock riovement over
the. upper erd iowsr surfaces are the same for all sileron
- deflections (fig. 26)e The effects of compressiblility on
the: changes 1n wing ncrmal-forte cosfflcient and wing
‘pitcking-moment coefficlsnt dAue to alleron dsflection
-presented: in figurs 27 show somevhst more clearly than
figures 15 and 25 the effzct of ellsrcon deflection on
these charsactaristies.,

Rolling;ybment Charectsristics

. The dste of figurss 28 to #C show that compressibility
oroduces no gresat losses in sileron rollling-moment cocf-
ficient for Mach numbers up $o end including 0.525, which
is well above the wing critical Yech numwber of 0,730 (wing
normal=foree coefficient of 0.2). Positive allsron deflec-
tions are. shown to givs rolling control at sll speeds for
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3osit¢ve liLts and imorovement in control with anreas
in angle of attacls, At low’anales of attack. the négatLve
- deflections are ineffective ‘4t ¥ack numbers greater than
0.625 but, with an-increiss in angle of aftack,. the: ‘effec-
tliveness improves so that .at an ergle of attack of 7° the
_atlerons are effective for positive Jend negative deflec-
tions. ~ At an angle of attack of -2° an dctual reversal
occurs in aileron effectiveness between ¥ach numbers '
of 0.585 and 0.935 (figs. 28,729, add 30); but the ‘normal-
force coefficient for these comditions {'s 'doproximitely -0.18
so that an alrplane with this w*ng-aileron combination
would not fly ‘gt an angle of attack of -2° at these high
Mach numbers urider all normal maneuvers. The discussion
made in the preceding sections concerning the gffect of
atleron deflection on alr flow over the airfoll applies also
in the analysls of compressibLlity effects on rolling-
moment coefflcient. .

The general effects of compressibility on damping—
moment coefficlent (fig. 31) parsllel, as.1ls to be expected,
the effects of compressiblility on the parameter dcm/da
pregsented in reference 1. By use of the low-speed section
data of reference 6 and the methods of referehce 9, a
damoing-moment coefficlent of 0.52. was obtained for the
wing with round tlps assumed and of 0.55 for the wing with
square tips assumed. The variations of the damping-moment
coefflicient are largely reflescted in thke rolling effective~

‘ness per unit aileron deflection E%égi for a rigid wing

with sealed alleron at two altitudes (fig. 52) and this.
rolling effectiveness is seen to decresse with increasing
YMach number up to a ¥ach nurber of 0.760, then to increase
aoruptly to a Hach number of 0.800, and then generally to
decresse again as the kach number is further increased.

At Wach numbers greater than 0.850'the rolling effective-
ness increases with altitude because of the improvement

in rolling-moment coefflclent résulting from the incresase
in angle of attack at altitude for level-flight condltions.
For en asctual airplane in flight, wing twlist and yaw would
emmreclably reduce the rigid-wing effectiveness.

The data on.the ralling-moment .coefficlent indicate
that the ailsrons ere satlsfactory for producing rolling
moments on an alrnlane with this wing-aileron combina-
ticn and designed to overate at maximum level-flight
speeds in the Mach number range fromw 0.760 to 0.830. 1In
dives 'in which the airplane would operate at higher Nach
numbers the allemons still prcduce some rolling mement at
zero and positive 1ifts un to the maximum test ¥ach number
of 0.925 althoush, at these higher ¥Yach numbers, thelr
effectiveness is decreased.



MACA R¥ No. L6H284 COM— ' 13

Hinge-Noment Characteristics

T™:a hinge-moment data of these tests are for an
unsealed aileron. The general compressibility sffects,
howevar, can be expected to apply alsoc for a sealed
aileron. For Maech numbers through 0.8%0 the data on the
hinge-moment coefficient for the unssaled aileron show
nc unusual compressitility effects (figs. 33 and 3L)
hut, at higher Wach numbers, mwarked changes occur in hinge-
momant coefflclent assoclated with rearvard movement of
shock. A possibility exists of flexlibhility-induced aileron
sneteli (rseference 10) ss a result of the positive slones
of v, dﬁg {overbalance conditions) noted in the data

J--.a .
for some of the test corditions., TFlexibillity-inducsad
cileron snatch will occur i1f the chanze in serasdynamic
hinge momsnt per dezree chsange of sllsron deflection

dHa/dﬁa exceeds the stiffness of the control system

sxpressed In terms of resistling hirnge mcoment developed
ner degree twist of aileron. Ths maximum value of
dcha/&ﬁa resulted at s Nack number of 0.830 and an

engle cf atteck of 2° arnd smounted to 0.021. (S3ee

fig., 3%3(2).) [I[n ordsr to avoii elastic instability, the
ilsron-control stlfiness when expressed in this sams
ocrin e.st excead the vealue of 0.021.

¥o large varistion of hlnge-womsnt coefficient with
cnzle of attack occurred for lack numbers less than 0.850,
it Yach numbers grsster then 3.350, however, erratic
vehavior results (fig. 35). The ccnjgntional hinge-
moment perareters AC ABg and /uC fiYsd show the

( b/ a)a \ ba/ 6q

same generally large verlatlions previously noted at speeds
sxceeding a Kach number of C.550 (fig. 36). Included in
figure 36 are two-dimensional deta from rsfersence 6 for
the same airfoill section and alleron {(sealed gap) at a
#ach nurber of 0.17 z3id with a Feynolds number of 9,000,000,
Llso included are data from unpublished tests of a 2L-inch-
chord FACA 66,1-115 airfoil section with a 0.20-ckord
nlain aileron (D.C02~ckord gsp). The general effects of
compressibility on the hinge-moment narsmeters for the
NACA 66,1-115 airfoil in two-3dimensional flow are shown
to be very similar to the results obtaslned in three-
dimsnsional flow with the wing of the prsssnt tests.
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Mo tests were made to determine the effect on the
aerodynsmic chearacteristicsa of fixing transition on the
airfoil. Wnpublished data obtained in the Langley =-foct
high-snesd tunnsl on & three-dimensional mocel of a
horizontsl tall of low-drag section and having roughness
at 0,10 chord on both surfgaces showed that firxing tranzi-
tion nade the parameter (;Ghﬂi% more negative, the

i &

narave ter (éch/dé) less negative, end lessened thne
4 a

severity of the comoressibllity effects on both these
varaneters, Lifts were reduced but the general effects
of commressiblility on 1ift were the same.

The Jdats on the resultant pressure coeffizlient AP
acrnss the ailsron sesl (fig, 37) ere useful for deter-
wining the amount of bslsnce of internsally belanced
&ileron systews. The curve of AP apainst ailsron
deflection is seen tc bLe aoproximately linear for positive
aileron deflections but the slone of the curve decreazes
Icr negative delflectlons. At supercritical sceeds,
smaller seal-pressure coeflficients would be expected st
nerative deflectlcons as a result of the general inef-
factlvensss of the ailerons at these deflections., At
suberiticel sneeds, hnwever, theze deta are 1n variance
with the low-speed (M = 0.17) two-dimensionel data of
reference 6 and wlith the date from unoublished low-sneed
f¥= 0,21) tests made in the Lengley stebllity tunnel of
a three-dimensionsl model of a2 horizontal tall, both of
whicin show a linear varlation of resultent seal pressure
for both nositive and negative aileron deflections.
Tests of a partly ssaled alleron (reference 1ll) show
that negative aileron cdeflections are somewhat less
effsctive 1n modifying seal oressures then positive
feflections at ¥ach numbers from 0.3 to O.7.

From the hinge-moment deta, no serious comnressaikilitv
«iIacta an binre-woment charccteristics are indicatad foran
eirnlane with the wing-slleron comblnatlon tested and
degigned to opersate at maximum level-flight ach numders
uo to C.830. At higzher Nach numbers (anprox. 0.C80)
comnarable to those oshtained in dives, a wnossibility ef
flexinility-induced alleron snatch exists for an alr-
slene having an allercn control system of iradequats
stiffnesas.
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Wing-Torsianal Consideration

From the high-speed aerodynamic data of these tests,
some calculations of the effect of wing twist on the
rolling characteristics have been made “for an airglane of
10Lh.5-fo0t snan. The torsional stiffnsss of the wing was
assumed to vary inversely ss the cute of the distance from
the wing center Iline (reference 12). The spanwise éistri-
bution of wing twist resulting from the spanwise distri-
butiocn of pitching moment dus to aileron deflection was
thus obtainsd and the opposing rolling moment due to wing
twist could then be determined by use of the section twist,
the experimsentally detesrmined rate 6f change of section
normal-forde coeffic*ent ‘with sngle of attack “dcp/da,

and the’ aistance to the.spanwlss station from ths center
line. Thé. ca‘eulations Indicated that in order for the
-airplane with 'sn aseumed wing span ¢f -10l.5 feet to retain
at least 25 merd sat . .of .tke. rigid-wing rolling effectiveness
(fig. 32) at & Mash number of ®0.880 and sea-level condi-
tions, a wing with a minimrum tcrsional stiffness at. the
midspen of the a*lerons .of 6,100,20C foot-ppunds ver
radien must be; obtsined. .. The rasqul red torsional stiffness
for the seme rolling ef 1ect*veness for similar wings on
airplanss of ° di fferent size veries as the cube of the
‘wing s»nsn’ (reference 12) and. conversion of the torsional
reqpiremeqts from one ahrplane Lo atOuher is therefore
straigatforwakd.

The rate of .change of pitch_ng-momént coefficient
with ai1ardn deflection was: found in these tests to vary

anproximatelv as -the factor - 1/V1 ﬂzi up Lo a lisch
number of 0.880.. Calculations SF the torgional stiffness,
obtained for. a- Megh number of 0.880 By the method of
refersnce 12 from: the low- speed data of reference. 6 and
extended to a Mach number of $.830 by the factor

1AA - 12, indicated that a minimum torsionel stiffness
of the wing &t the silercn mldspan of 6,080,000 foot-
pounds rer radian is required to.retain 25 percent

of the rigid-wing rolling sffectiveness. Basyond a Mach
number of 0.880, an ebrupt decreass occurs in the rate
at which the pltching-moment coefficient varies with
alleron deflection so that at a Mach number of 0.900 the
rate is only about one-~fourth that st a Mach number

of 0.880. The oresent tests show, therefors, that the
low-speed aercdynamic data for this wing can be
setisfactorily extended for wing-twist calculations by
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the factor l/Mi - ¥ up to the Mach number where the
breek in rate of change of pitching-moment coefflcient
with aileron deflection occurs but at Mach numbers beyond
this bresk where, for example, wing reversal speeds are to
be determined, actual experimental data should be used.

.

CONCLUSIONS

Tests at high speeds were made 1n the Langley 8-foot
high=speed tunnel of & wing of high aspedt ratio,with
straight-sided-profile 0.20-chord plaln-ailerons of
37«5 vercent wing semispan, PFor an airplane with thils
nartiocular wing-alleron combination, the wind-tunnel
data indicate the following conoclusions.

l. The allerons are satisfactory for oroducing
rolling moment on an 2irplane designed to operate gt
maximum level-flight Mach numbers up to 0.830., 1In dives
at which the airnlane would operate at higher Mach numbers
the ailerons stl1ll produce some rolling moment at zero and
positive 1ifts up to the maximum test Mach number of 0,925,
although, at these higher Mach numbers, thelr effectiveness
13 docressaed,

2e No serlous comvresslbility effects are indicated
on the sileron hinge-mcment charescteristics for level-flight
Mach numbers uo to 0.8%0. At higher Mach numbers
(spprox. 0,880) .comparable to those obtained in dives,
flexibility~induced asileron snateh 1s possible for an air-
slane haV1ng an aileron control s;stem of inadequate
t%ffneqs.

Lanéiey ﬁemoriai beronautical Laboratory
Netional Advisory Committee for Aeronautics
,Tangley Fleld, Va.,
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DIMEFNSIONS OF WING-TIF SHAPE

[cee flg. 2]

Plan-form contour

Distance from

Tlistance forward of

Dlistanes rearward of

tin, ¥4 25-percent-chord 25 -percent-chord
(in.) line, xp line, x,
{in.) {in.)
) -0. 360 0.560
026 .o=1 .G6 0%
053 1.168
.239 2§d i.EHT
.158 .352 1:5
f . 529 1.3
1 OP ll g
25 1.E6

Section contour

Distanecs from

" Lower~surface

Upper-surface

tio, ¥ ordinate, z- i ordinate, =z
(1n.5° (1n.] ® i (in.; ©
t
n.,026€ 9. oaL i 0.076
B3 0Ll i .03%
R sds .052 . 105
£ 105 .GE1 .113
. 150 .ogm .126
.2%6 .0E6
301 .09k .127
LT3 .098 .151
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JENNEENE $FACA RY Mo,
TABLE II
ORDINATES FOR NAGCA 65-210 AIRFOIL
[Stations and ordinates in percent wing chord]
Upner surfsace Lower surface
Station - Ordinate Station' Ordinatse
o i 0 o 0
L35 . 219 .565 -.719
.675 .Q99 B2z -.359
2.903 1.757 : 592 —1.§u5
LLoE93 2,491 .102 -1.3559
7 5@& 3,069 7 606 -2.221
cob 3,55§ 10,106 -2.521
1h 8?0 v 330 15,101 -2.992
19.909 L.93E 2C.091 -%.3h6
21,921 5.297 25.07 -3, 60 )7
29.936 5,732 50 Ob -3.780
30,251 5.994 5.0L9 -3.29
35,060 6,267 . .3.0%2 -3.925
Il 08l 6.055. L5.016 ~3,360
50.000 . 5.915 ro 0I0 -3, 709
55,51 5.625 E); .. 9836 -3.435
60 0&7 2.217 59.97E -2.075
712 -2.652
70 0 5.. cL.128 6n 957 -2.18l
75-0p? 3-%?9 7h. 955 -1. 654
e} 2.7t3 5? -1.191
85,033 2.057 9b2 -. 711
90.028 1.327 059,272 -.297%
95,01k - . 622 9l:. 9126 .010
100,000 9] 100,000 0
' & L. B. redlus: 0.657. Slope of radius

through erd of chord: O otk
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NACA RM No. L6H28d Fig. la

{a} Front view.

Figure 1.~ Wing of high aspect ratio mounted on vertical
support plate in Langley 8-foot high-speed tunnel.
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{b}) Three-gquarter view of right wing.

Figure 1.~ Concluded.
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NACA RM No. L6HRS8a Fig. 64
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